During reentry into the atmosphere, aerospace vehicles are subjected to severe aerothermal heating that causes the surrounding gas to ionize and form a plasma. The analysis of the plasma around the vehicle is useful in developing new strategies and mitigation devices to minimize blackout related issues. Modeling aspects and the simulation results of aerothermal heating, plasma generation and EM wave propagation over a RAMC reentry vehicle are presented. Magnetic window blackout-mitigation scheme is demonstrated.
During reentry into the atmosphere, aerospace vehicles are subjected to severe aerothermal heating that causes the surrounding gas to ionize and form a plasma. The analysis of the plasma around the vehicle is useful in developing new strategies and mitigation devices to minimize blackout related issues. Modeling aspects and the simulation results of aerothermal heating, plasma generation and EM wave propagation over a RAMC reentry vehicle are presented. Magnetic window blackout-mitigation scheme is demonstrated.
Partially ionized air plasma is assumed as a single fluid, with average thermophysical properties, for the fluid dynamics conservation. Navier-Stokes equations are solved for the flow mixture. The individual species mass conservation equations are then solved to track their densities. The species considered in the mixture are N2, O2, N, 0, NO, NO + , and e (electrons). I Chemical reaction rate equations are solved to account for the variations in densities of the species. Maxwell's equations combined with a non-neutral two-fluid model are solved for the propagation of electro-magnetic wave in the plasma. A finite volwne method is used to solve the conservation equations. HLLE fluxes on cell faces are integrated in space using an unstructured MUSCL scheme. A TVD Runge-Kutta third order scheme is used for time integration. The problem involves three time scales 1) fluid convection-diffusion, 2) chemical reactions, and 3) EM wave speed. The Navier-Stokes equations are solved with the time step restricted by CFL condition and viscous-thermal diffusion. The rate equations are integrated separately on a smaller time scale owing to the reactions. Maxwell's equations are solved on a further smaller time scale when the plasma density distribution has reached quasi-steady state. The simulations were performed using the fluid-plasma multiphysics simulation tool USim 2 • 
